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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

s 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 
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Slope = Performance Index 
R2 = Predictability 



FIG. IB 



Type of Movement 

Expansion/Constriction (+/-X Translation) 



Mesialization/Distalization (+/-Y Translation) 
Intrusion (-Z Translation) 
Extrusion (+Z Translation) 

Tip/ Angulation (X Rotation) 
Torque/Inclination (Y Rotation) 
Pure Rotation (Z Rotation) 
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Cluster treatment practice based on clinician 
treatment history such as treatment preferences, 
outcomes, and demographic & practice variables 
(20) 



Model preferred clinical constraints within each 
cluster (22) 



Assign clinicians without treatment history to 
clusters in 20 based on demographic and practice 
variables (24) 



Perform process 100 separately within each 
cluster, using cluster-specific clinical constraints 
(26) 



Update clusters and cluster assignment as new 
treatment and outcomes data arrive (28) 
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Cluster patient histories having detailed follow-up 
(such as multiple high-resolution scans), based on 
detailed follow-up data, diagnosis, treatment parameters 
and outcomes, and demographic variables (40) 
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Within each cluster, model discrepancies between 
intended position and actual positions obtained from 
follow-up data (42) 
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Within each cluster, model risk for special undesirable 




outcomes (44) 
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Cluster patient histories with less detailed follow-up data 
based on available variables. Assign to clusters calculated 
in 40. (46) 



Refine step 42 models with additional records from step 
46 clusters. (48) 

x 

Refine step 44 models with additional records from step 
48 clusters. (50) 
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Assign new patients to step 46 clusters based on 
diagnosis, demographic, and initial physical. (52) 



Within each step 52 cluster, model expected 
discrepancies between intended position and actual 
positions (54) 
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Within each step 52 cluster, model risk for 
undesirable outcomes (56) 
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Customize treatment plan to each step 52 cluster 







Iterativelv collect outcomes data (61) 
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Revise clusters and reassign (63) 
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Identify clusters 
without good 
representation in 
step 40 clusters for 
additional follow-up 
research (65) 



Use revised 
expected position 
information where 
relevant 
including 232, 
250) (67) 



Flag for special 
attention and 
clinical 

constraints (as in 
204, 160) (69) 
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ACQUIRE MOLD OP PATIENTS 
TEETH AND TISSUE 



100 
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SEGMENT CONSTITUENTS 



140 



130 



RECEIVE OR CREATE 
PRESCRIPTION 



SPECIFY FINAL TOOTH POSITIONS 
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DEFINE PATHS AND STEPS BY 
WHICH TO REPOSITION TEETH 
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INTERACT WITH CLINICIAN 
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CALCULATE CLINICALLY 
ACCEPTABLE APPLIANCE TO 
MOVE TEETH ON THE PATHS IN 
THE STEPS 
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MANUFACTURE REPOSITIONING 
APPLIANCES TO REPOSITION 
TEETH IN STEPS OEFINEO BY 
SEGMENTATION 
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CALCULATE SHAPE 
OF NEXT CANDIOATE 
ALIGNER 



CREATE FINITE 
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MODEL OF 1N- 
PLACE ALIO N ER 
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APPLY FINITE 
ELEMENT 
ANALYSIS (FEA) 



/ ^^ONTRdT^s v 
^ARAMETER^X 
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POSITION? 
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MOTIONS 
ORTHOOONTI CALLY 
ACCEPTABLE? 



YES- 
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SAVE AS 
POSSIBLE 
INTERMEDIATE 
RESULT 
(OPTIONAL) 



♦—NO 
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BEST SOLUTION SO 
FAR? 
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-NO- 
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SAVE AS BEST CANOIDATE 
SO FAR 
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GOOD ENOUGH? 



YES— > EXIT 



FIG. 2B 
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CREATE FINITE 
ELEMENT MODEL OF 
INITIAL JAW 
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CACHE FOR REUSE IN 
LATER ITERATIONS 
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CREATE FINITE 
ELEMENT MODEL OF 
ALIGNER 
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PLACE MODEL 
ALIGNER ON MODEL 

JAW TO CREATE 
COMPOSITE MOOEL 
OF IN-PLACE ALIGNER 
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INPUT DATA: 

INITIAL POSITIONS OF 
TEETH 

SHAPES OF TEETH 



SHAPE AND VISCOSITY OF 
EMBEDDING FLUID 

BOUNDARY CONDITIONS 
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INPUT DATA: 



ALIGNER 
MATERIAL 

ALIGNER SHAPE 
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FROM FEA: 
ELAPSEO TIME; 
ACTUAL END TOOTH 
POSITIONS; 
MAXIMUM UNEAR AND 
TORTtONAL FORCE 
APPLIED TO EACH TOOTH; 
MAXIMUM LINEAR AND 
ANGULAR VELOCITY OF 
EACH TOOTH 
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FROM PATH: 

BEGIN TOOTH POSITIONS; 
DESIRED END TOOTH 
POSITIONS; 
MAXIMUM ALLOWABLE 
VELOCITY FOR EACH 
TOOTH; 

MAXIMUM ALLOWABLE 
FORCE FOR EACH TOOTH; 
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SHAPE OF PREVIOUS 
CANDIDATE ALIGNER 
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CONSTRAINTS VIOLATED 
SY. AND SUBOPTIMAL 
PERFORMANCE OF, 
PREVIOUSLY-TRIED 
ALIGNER 
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RECEIVE INPUT DATA 
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SELECT (FIRST/NEXT) 
CURRENT TOOTH 

ACTUAL END 
POSITION ANO 

DYNAMICS 
ACCEPTABLE? 



NO 
i 
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DONE 



COMPUTE ALIGNER 
CHANGE IN REGION 
OF CURRENT TOOTH 
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AGGREGATE 
AUGNER 
CHANGES SATISFY 
CONSTRAINTS? 



NO 



YES 
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REVISE ALIGNER 
CHANGES 



-490 



APPLY CHANGES TO 
DEFINE NEW ALIGNER 
SHAPE 
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RULE BASE 
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IF <CONDmON> THEN <C0NCLUS10N> 
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IF ^CONDITION* THEN <CONCLUSION> 



FIG. SA 
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INFERENCE ENGINE 



OUTPUT 
CONCLUSION 
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RETURN INFERRED 
ALIGNER CHANCES 
FOR CURRENT 
TOOTH 



COMPUTE 
DIFFERENCE 
BETWEEN DESIRED 




DISPLACE MODEL ' 
TOOTH FROM 
DESIRED END 
POSITION BY 
COMPLEMENT 


AND ACHIEVED END 
POSITION OF 
CURRENT TOOTH 
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COMPUTE 
COMPLEMENT OF 

DIFFERENCE IN 
TRANSLATION AND 
ROTATION 






DISPLACED TOOTH 
DEFINES ALIGNER 
FOR CURRENT 
TOOTH IN THIS 
ITERATION 
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TO MOVE TOOTH 
ALONG ITS AXIS. 
CHANGE SIZE OF 

MODEL TOOTH 
DEFINING ALIGNER 



SO 
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GET INITIAL PROCESS 
DATA 






FOR EACH STEP, 
SHAPE AN ALIGNER 
(FEA PROCESS) 
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EXIT IF ALL ALIGNERS 
ACCEPTABLE 
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WERE ANY 
IMPOSSIBLE 
MOVEMENTS 
REQUIRED? 



(OPTIONAL) 
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RELAX 
CONSTRAINTS 



FOR EACH STEP 

WITH AN 
UNACCEPTABLE 
ALIGNER, SHAPE 
AN ALIGNER 
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EXIT IF ALL 
ALIGNERS 
ACCEPTABLE 



YES 
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REOEFINE PARTS OF 
TREATMENT PATH 
HAVING 
UNACCEPTABLE 
ALIGNERS 



ADO HARDWARE 
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EXECUTE OUTER 
LOOP AGAIN 



EXECUTE OUTER 
LOOP AGAIN. LIMITED 
TO RESEGMENTEO 
PARTS 
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EXIT IF ALL ALIGNERS 
ACCEPTABLE 



REPEAT UNTIL 
DONE OR 
ITERATION LIMIT 
EXCEEDED 
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REQUEST 
OPERATOR 
ASSISTANCE ON 
FAILURE 
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Standard X-ray image Scanned crown and Root shape morphed 

of teeth 710 statistically modeled root by X-ray data 714 
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